A novel device for sampling an unstable liquid-in-liquid or gas-in-liquid dispersed system has been developed. Samples of a dispersed system can be easily collected from any location in an operating stirred tank reactor. A sampled specimen is fixed instantaneously, enabling easy observation under a microscope and direct measurement of dispersion characteristics, such as size and/or distribution of the dispersed phase and hold-up through the use of an image analyser. The specimen can be stored for a sufficiently long time, with the dispersion maintained completely stable until measurement.
Introduction
Liquid-in-liquid (emulsion) and gas-in-liquid dispersed systems are frequently encountered in various industrial processes in fields such as food processing, pharmaceuticals, cosmetics and agriculture (Chappat 1994) . The characteristics of a dispersed system, such as volume fraction of the dispersed phase and size distribution of the dispersed phase, are controlling factors relating to process efficiency; e.g., the reaction rate of a two-phase chemical reaction in a stirred tank reactor.
Many methods have been developed to analyse characteristics of dispersed systems. However, the scope of application of those methods can be limited within comparatively stable emulsions. For example, sampling by using a pipette has been one of the common methods for analysis of such emulsions including surfactant molecules (Aiba et al 1969) . This method is, however, difficult to apply to an unstable dispersed system, because a pipetted sample is prone to quick coalescence of the dispersed phase.
A detergent method has been used as one method for fixing an intact emulsion structure (Bajpai and Prokop 1975, Nakahara et al 1977) . However, the addition of detergent has undeniable effects on the dispersion characteristics. Ultrasonic spectroscopy, which has recently been applied to on-line measurement, cannot be applied to unstable emulsions, because the principle of operation assumes that droplets do not physically interact with their neighbours (McClements and Coupland 1996) . In analytical methods using NMR, which have been also developed recently, the reported examples of analysis have focused on emulsions stabilized with surfactants or polymers (Lonnqvist et al 1991 , Ambrosone and Ceglie 1999 , Ivanova et al 1999 , since NMR is not easily adapted for on-line measurements (McClements and Coupland 1996) .
The present study proposes a concept called the 'quick sampling and quick fixing of a dispersed system', which can be applied to both unstable emulsions and gas-in-liquid systems, whose intact characteristics are difficult to analyse using conventional methods. This method is very simple and requires no complex or expensive instruments. 
Principle of sampling method
The principle of the proposed method is quick suction of a dispersed system into a narrow sampling chamber composed of two transparent plates, using a driving force such as capillary suction potential, hydraulic potential, or a vacuum. After sampling, the sampling chamber is sealed so that the dispersion can be maintained as if 'fixed', because a fluid entrapped within a very thin, completely sealed space moves very little under the force of gravity, due to viscosity of the liquid. Such an entrapped dispersion is very stable and does not evaporate, allowing storage for a sufficiently long time before analysis of characteristics.
The size of the sampling chamber should be variable according to the characteristics of the dispersed system in question, such as the size of the dispersed phase. Of course, depending on the difference in density between the dispersed and continuous phases, the lighter phase will move against the force of gravity, although the movement is very slow. Maintaining the sampling chamber in a horizontal position minimizes the effect of such motion, which would otherwise result in coalescence. Figure 1 shows the basic design of the device. Two plates of transparent flat glass are placed together with a clearance provided by two strips of thin spacer, which controls the size of the sampling chamber. Suction of the sample can be effected via either open edge. In preparation for suction, one of the open edges is connected to an open-air pipe, and the other is covered with sealing tape. On sampling, the sampling unit is set at the site in a mixing apparatus to be sampled, and the covered seal is removed quickly. The dispersed system migrates into the sampling chamber through its uncovered edge by capillary suction potential, in situ hydraulic potential, or a vacuum if necessary. After sampling, the sampling chamber is sealed with tape, stopping the motion of the sampled dispersion, and at the same time evaporation of the sample is completely stopped so as to prevent changes in its characteristics. The prepared sample is then observed under a microscope.
Features of the device
The basic design can be modified for application to a large-scale apparatus, as shown in figure 2. The device is designed for use in an operating apparatus such as a stirred tank reactor. The plate is circular, and the clearance of the sampling chamber is adjusted by a flexible ring, selected according to the characteristics of the dispersed system. The chamber can be opened and closed in a reactor by the handle shown in the illustration (see figure 2(a) ) so that samples can be taken at any sites in the reactor by capillary suction potential. oval, or irregularly rounded in the suction direction of the sample, rather than spherical. This suggests that even when the clearance of the chamber is larger than the droplet size, the effect of wall friction is not negligible, depending on the relationship between sample viscosity and suction velocity. Meanwhile, 20% shown in figure 3(b) was the upper limit of the volume fraction of the dispersed oil for maintaining a stable dispersion state; droplets coalesced in samples of higher volume fraction soon after sampling. Since the largest droplet in figure 3 is approximately 50 µm and the lower limit for image analysis is 0.1 µm, the size range that this technique can be used for covers between 0.1 and 10 µm, a range which includes the majority of emulsion droplets of importance (McClements and Coupland 1996) . Figure 4 shows another example sampled from carbon dioxide gas in beer to which an equal volume of glycerol was added. Although small bubbles tended to disappear, probably due to the dissolution of carbon dioxide in water, no coalescence was observed for 1 h.
Application example

Conclusions
A novel device for in situ sampling of a dispersed system was developed. The device fixed the intact structure of a sample for a sufficiently long time to enable observation under a microscope. The clearance of the sample capture chamber was shown to be an important factor in eliminating the effect of sample suction on the shape of dispersed droplets, even when the clearance is larger than the droplet diameter. The upper limit of the volume fraction of hexadecane in the O/W Figure 4 . Micrographs of a gas-in-water dispersed system. Gas bubbles of beer mixed with an equal volume of glycerol were trapped by the sampling device and observed under a microscope 2 or 62 min after sampling. Scale bars, 20 µm. emulsion for maintaining stable dispersion state was found to be 20%, with dispersed droplets coalescing in samples with higher volume fractions. However, the upper limit for stable dispersion might depend mainly on viscosity and interfacial tension of a sample. The sampling device can also be applied to a gas-in-liquid dispersed system.
